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Dual Beam Fiber Laser Welding Characteristics of Cross-Type Joint
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Abstract Study of welding the special cross-type joint is carried out by dual beam fiber laser welding technique.
The effects of beam configuration and heat input on the dual beam laser welding characteristics of cross-type joint are
systematically studied from weld formation, mechanical property and microstructure. The results show that the
cross-type joint can be successfully fabricated by dual beam laser welding method, and the joint with good weld
formation and satisfied mechanical property can be obtained. The joining zone is completely fused when the heat
input exceeds 120 kJ/m. The weld formation of tandem dual beam laser welding is superior to that of side-by-side
dual beam laser welding. The tensile strength of joint increases with the increasing of heat input. With the same
heat input, the tensile strength of tandem beam configuration is bigger than that of side-by-side beam configuration.
The tensile strength reaches 96.5% of the base metal with heat input about 140 kJ/m. The microhardness of
remelting zone is higher than that of non-remelting zone, which is attributed to the reason that more acicular &
ferrites are generated in weld fusion line after remelting.
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Table 1  Chemical compositions of 321 stainless steel (mass fraction, %)

C Mn Si Cr Ni P S Ti Fe
0.045 1.08 0.47 17.02 9.02 0.034 0.0065 0.22 Bal
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Fig. 1 Schematic of assembly process of cross-type joint
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Fig. 2 Beam configurations of dual beam laser welding of cross-type joint. (a) Tandem; (b) side-by-side
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Table 2 Parameters used in dual beam laser welding of cross-type joint

Welding parameter Value
Laser power P 2~3 kW
Welding speed V, 1~1.5 m/min
Interbeam spacing L 0.6 mm
Beam configuration Tandem/side-by-side/single
20 L/min

Shielding gas flow rate
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Fig. 3 Schematic of weld formation of cross-type joint
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Fig. 4 Tensile specimen of cross-type joint. (a) Sampling position; (b) specimen dimension
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Fig. 5 Weld cross-section of single beam laser welding
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Fig. 6 Molten pool behaviors of dual beam laser welding with different beam configurations. (a) Tandem; (b) side-by-side
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(a)

B 7 ANTE AT AT BOL OGR4 OB BB L. () 100 kJ/m (P =2000 W,V,=1.2 m/min) ;
(b) 120 kJ/m (P =2400 W,V,=1.2 m/min); (¢) 138 kJ/m (P=2300 W,V,=1.0 m/min)
Fig. 7 Weld cross-sections of tandem dual beam laser welding with different heat inputs. (a) 100 kJ/m (P =2000 W,
V,.=1.2 m/min); (b) 120 kJ/m (P=2400 W, V,=1.2 m/min); (c) 138 kJ/m (P=2300 W, V,=1.0 m/min)
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(b) 128 kJ/m (P =3200 W,V,=1.5 m/min); (¢) 140 kJ/m (P=2800 W,V,=1.2 m/min)
Fig. 8 Weld cross-sections of side-by-side dual beam laser welding with different heat inputs.
(a) 120 kJ]/m (P=3000 W, V,=1.5 m/min); (b) 128 kJ/m (P=3200 W, V,=1.5 m/min);
(¢) 140 kJ/m (P=2800 W, V,=1.2 m/min)
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Fig. 9 Relationship between the first weld width and heat input with different dual beam configurations.
(a) Tandem; (b) side-by-side
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Fig. 10 Relationship between tensile strength of joint and heat input with different dual beam configurations.
(a) Tandem; (b) side-by-side
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Fig. 11 Microhardness of cross-type joint before and after remelting
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Fig. 12 Microstructures of cross-type joint weld. (a) Base metal; (b) fusion line of the first weld; (c) center of

the first weld; (d) remelting zone; (e) fusion line of remelting zone; (f) center of remelting zone
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